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SEQUENCE LISTING 



<110> Weyler, Walter 

Hsu, Amy Kuang-Hua 

<120> pckA Modifications and Enhanced Protein Expression in Bacillus 

<130> GC836-US 

<140> 10591852 
<141> 2008-07-24 



<15 0> PCT/US20 05/011821 
<151> 2005-04-07 

<150> US 60/561,110 
<151> 2004-04-09 

<160> 205 

<170> Patentln version 3.2 

<210> 1 
<211> 129 
<212> DNA 

<213> Bacillus subtilis 
<400> 1 

atgaaaaaag ctgtcattgt agaaaacaaa ggttgtgcaa catgctcgat cggagccgct 60 
tgtctagtgg acggtcctat ccctgatttt gaaattgccg gtgcaacagg tctattcggt 120 
ctatggggg 12 9 

<210> 2 
<211> 43 
<212> PRT 

<213> Bacillus subtilis 

<400> 2 

Met Lys Lys Ala Val lie Val Glu Asn Lys Gly Cys Ala Thr Cys Ser 

15 10 15 

lie Gly Ala Ala Cys Leu Val Asp Gly Pro lie Pro Asp Phe Glu lie 

20 25 30 

Ala Gly Ala Thr Gly Leu Phe Gly Leu Trp Gly 
35 40 

<210> 3 
<211> 456 
<212> DNA 

<213> Bacillus subtilis 

<400> 3 

atgattggaa gaattatccg tttgtaccgt aaaagaaaag gctattctat taatcagctg 60 
gctgttgagt caggcgtatc caaatcctat ttaagcaaga ttgaaagagg cgttcacacg 120 
aatccgtccg ttcaattttt aaaaaaagtt tctgccacac tggaagttga attaacagaa 180 
ttatttgacg cagaaacaat gatgtatgaa aaaatcagcg gcggtgaaga agaatggcgc 24 0 

gtacatttag tgcaagccgt acaagccggg atggaaaagg aagaattgtt cacttttacg 300 



aacagactca agaaagaaca gcctgaaact gcctcttacc gcaaccgcaa actgacggaa 360 
tccaatatag aagaatggaa agcgctgatg gcggaggcaa gagaaatcgg cttgtctgtc 420 
catgaagtca aatccttttt aaaaacaaag ggaaga 45 6 

<210> 4 
<211> 152 
<212> PRT 

<213> Bacillus subtilis 
<400> 4 

Met lie Gly Arg lie lie Arg Leu Tyr Arg Lys Arg Lys Gly Tyr Ser 

15 10 15 

lie Asn Gin Leu Ala Val Glu Ser Gly Val Ser Lys Ser Tyr Leu Ser 

20 25 30 

Lys lie Glu Arg Gly Val His Thr Asn Pro Ser Val Gin Phe Leu Lys 

35 40 45 

Lys Val Ser Ala Thr Leu Glu Val Glu Leu Thr Glu Leu Phe Asp Ala 

50 55 60 

Glu Thr Met Met Tyr Glu Lys lie Ser Gly Gly Glu Glu Glu Trp Arg 
65 70 75 80 

Val His Leu Val Gin Ala Val Gin Ala Gly Met Glu Lys Glu Glu Leu 

85 90 95 

Phe Thr Phe Thr Asn Arg Leu Lys Lys Glu Gin Pro Glu Thr Ala Ser 

100 105 110 

Tyr Arg Asn Arg Lys Leu Thr Glu Ser Asn lie Glu Glu Trp Lys Ala 

115 120 125 

Leu Met Ala Glu Ala Arg Glu lie Gly Leu Ser Val His Glu Val Lys 

130 135 140 

Ser Phe Leu Lys Thr Lys Gly Arg 
145 150 

<210> 5 
<211> 165 
<212> DNA 

<213> Bacillus subtilis 

<400> 5 

atgaaaagaa accaaaaaga atgggaatct gtgagtaaaa aaggacttat gaagccggga 6 0 

ggtacttcga ttgtgaaagc tgctggctgc atgggctgtt gggcctcgaa gagtattgct 120 
atgacacgtg tttgtgcact tccgcatcct gctatgagag ctatt 165 

<210> 6 
<211> 55 
<212> PRT 

<213> Bacillus subtilis 
<400> 6 

Met Lys Arg Asn Gin Lys Glu Trp Glu Ser Val Ser Lys Lys Gly Leu 

15 10 15 

Met Lys Pro Gly Gly Thr Ser lie Val Lys Ala Ala Gly Cys Met Gly 

20 25 30 

Cys Trp Ala Ser Lys Ser lie Ala Met Thr Arg Val Cys Ala Leu Pro 

35 40 45 

His Pro Ala Met Arg Ala lie 
50 55 



<210> 



7 



<211> 831 
<212> DNA 

<213> Bacillus subtilis 



<400> 7 

atgaaaatca gtatgcaaaa agcagatttt tggaaaaaag cagcgatctc attacttgtt 60 

ttcaccatgt tttttaccct gatgatgagc gaaacggttt ttgcggcggg actgaataaa 120 

gatcaaaagc gccgggcgga acagctgaca agtatctttg aaaacggcac aacggagatc 18 0 

caatatggat atgtagagcg attggatgac gggcgaggct atacatgcgg acgggcaggc 24 0 

tttacaacgg ctaccgggga tgcattggaa gtagtggaag tatacacaaa ggcagttccg 30 0 

aataacaaac tgaaaaagta tctgcctgaa ttgcgccgtc tggccaagga agaaagcgat 360 

gatacaagca atctcaaggg attcgcttct gcctggaagt cgcttgcaaa tgataaggaa 420 

tttcgcgccg ctcaagacaa agtaaatgac catttgtatt atcagcctgc catgaaacga 480 

tcggataatg ccggactaaa aacagcattg gcaagagctg tgatgtacga tacggttatt 540 

cagcatggcg atggtgatga ccctgactct ttttatgcct tgattaaacg tacgaacaaa 600 

aaagcgggcg gatcacctaa agacggaata gacgagaaga agtggttgaa taaattcttg 660 

gacgtacgct atgacgatct gatgaatccg gccaatcatg acacccgtga cgaatggaga 720 

gaatcagttg cccgtgtgga cgtgcttcgc tctatcgcca aggagaacaa ctataatcta 780 

aacggaccga ttcatgttcg ttcaaacgag tacggtaatt ttgtaatcaa a 831 



<210> 8 

<211> 277 

<212> PRT 

<213> Bacillus subtilis 



<400> 8 

Met Lys lie Ser 

1 

Ser Leu Leu Val 
20 

Val Phe Ala Ala 

35 

Leu Thr Ser lie 
50 

Val Glu Arg Leu 
65 

Phe Thr Thr Ala 

Lys Ala Val Pro 
100 

Arg Leu Ala Lys 
115 

Ala Ser Ala Trp 
130 

Gin Asp Lys Val 
145 

Ser Asp Asn Ala 

Asp Thr Val lie 
180 

Ala Leu lie Lys 
195 

Gly lie Asp Glu 
210 

Asp Asp Leu Met 
225 

Glu Ser Val Ala 



Met Gin Lys Ala 
5 

Phe Thr Met Phe 

Gly Leu Asn Lys 
40 

Phe Glu Asn Gly 
55 

Asp Asp Gly Arg 
70 

Thr Gly Asp Ala 
85 

Asn Asn Lys Leu 

Glu Glu Ser Asp 
120 

Lys Ser Leu Ala 
135 

Asn Asp His Leu 
150 

Gly Leu Lys Thr 
165 

Gin His Gly Asp 

Arg Thr Asn Lys 
200 

Lys Lys Trp Leu 
215 

Asn Pro Ala Asn 
230 

Arg Val Asp Val 



Asp Phe Trp Lys 
10 

Phe Thr Leu Met 

25 

Asp Gin Lys Arg 

Thr Thr Glu lie 
60 

Gly Tyr Thr Cys 
75 

Leu Glu Val Val 
90 

Lys Lys Tyr Leu 
105 

Asp Thr Ser Asn 

Asn Asp Lys Glu 
140 

Tyr Tyr Gin Pro 
155 

Ala Leu Ala Arg 
170 

Gly Asp Asp Pro 
185 

Lys Ala Gly Gly 

Asn Lys Phe Leu 

220 

His Asp Thr Arg 

235 

Leu Arg Ser lie 



Lys Ala Ala lie 
15 

Met Ser Glu Thr 
30 

Arg Ala Glu Gin 
45 

Gin Tyr Gly Tyr 

Gly Arg Ala Gly 
80 

Glu Val Tyr Thr 
95 

Pro Glu Leu Arg 
110 

Leu Lys Gly Phe 
125 

Phe Arg Ala Ala 

Ala Met Lys Arg 
160 

Ala Val Met Tyr 
175 

Asp Ser Phe Tyr 
190 

Ser Pro Lys Asp 
205 

Asp Val Arg Tyr 

Asp Glu Trp Arg 
240 

Ala Lys Glu Asn 



245 250 255 

Asn Tyr Asn Leu Asn Gly Pro lie His Val Arg Ser Asn Glu Tyr Gly 

260 265 270 

Asn Phe Val lie Lys 
275 

<210> 9 
<211> 792 
<212> DNA 

<213> Bacillus subtilis 
<400> 9 

ttgatcatga cacaaccatc aaaaactacg aaactaacta aagatgaagt cgatcggctc 60 
ataagcgatt accaaacaaa gcaagatgaa caagcgcagg aaacgcttgt gcgggtgtat 12 0 

acaaatctgg ttgacatgct tgcgaaaaaa tactcaaaag gcaaaagctt ccacgaggat 18 0 

ctccgccagg tcggcatgat cgggctgcta ggcgcgatta agcgatacga tcctgttgtc 240 
ggcaaatcgt ttgaagcttt tgcaatcccg acaatcatcg gtgaaattaa acgtttcctc 300 
agagataaaa catggagcgt tcatgtgccg agacgaatta aagaactcgg tccaagaatc 360 
aaaatggcgg ttgatcagct gaccactgaa acacaaagat cgccgaaagt cgaagagatt 42 0 

gccgaattcc tcgatgtttc tgaagaagag gttcttgaaa cgatggaaat gggcaaaagc 480 
tatcaagcct tatccgttga ccacagcatt gaagcggatt cggacggaag cactgtcacg 540 
attcttgata tcgtcggatc acaggaggac ggatatgagc gggtcaacca gcaattgatg 600 
ctgcaaagcg tgcttcatgt cctttcagac cgtgagaaac aaatcataga ccttacgtat 660 
attcaaaaca aaagccaaaa agaaactggg gacattctcg gtatatctca aatgcacgtc 720 
tcgcgcttgc aacgcaaagc tgtgaagaag ctcagagagg ccttgattga agatccctcg 780 
atggagttaa tg 792 

<210> 10 
<211> 264 
<212> PRT 

<213> Bacillus subtilis 
<400> 10 

Met lie Met Thr Gin Pro Ser Lys Thr Thr Lys Leu Thr Lys Asp Glu 

15 10 15 

Val Asp Arg Leu lie Ser Asp Tyr Gin Thr Lys Gin Asp Glu Gin Ala 

20 25 30 

Gin Glu Thr Leu Val Arg Val Tyr Thr Asn Leu Val Asp Met Leu Ala 

35 40 45 

Lys Lys Tyr Ser Lys Gly Lys Ser Phe His Glu Asp Leu Arg Gin Val 

50 55 60 

Gly Met lie Gly Leu Leu Gly Ala lie Lys Arg Tyr Asp Pro Val Val 
65 70 75 80 

Gly Lys Ser Phe Glu Ala Phe Ala lie Pro Thr lie lie Gly Glu lie 

85 90 95 

Lys Arg Phe Leu Arg Asp Lys Thr Trp Ser Val His Val Pro Arg Arg 

100 105 110 

lie Lys Glu Leu Gly Pro Arg lie Lys Met Ala Val Asp Gin Leu Thr 

115 120 125 

Thr Glu Thr Gin Arg Ser Pro Lys Val Glu Glu lie Ala Glu Phe Leu 

130 135 140 

Asp Val Ser Glu Glu Glu Val Leu Glu Thr Met Glu Met Gly Lys Ser 
145 150 155 160 

Tyr Gin Ala Leu Ser Val Asp His Ser lie Glu Ala Asp Ser Asp Gly 

165 170 175 

Ser Thr Val Thr lie Leu Asp lie Val Gly Ser Gin Glu Asp Gly Tyr 
180 185 190 



Glu Arg Val Asn Gin Gin Leu Met Leu Gin Ser Val Leu His Val Leu 

195 200 205 

Ser Asp Arg Glu Lys Gin lie lie Asp Leu Thr Tyr lie Gin Asn Lys 

210 215 220 

Ser Gin Lys Glu Thr Gly Asp lie Leu Gly lie Ser Gin Met His Val 
225 230 235 240 

Ser Arg Leu Gin Arg Lys Ala Val Lys Lys Leu Arg Glu Ala Leu lie 

245 250 255 

Glu Asp Pro Ser Met Glu Leu Met 
260 

<210> 11 
<211> 744 
<212> DNA 

<213> Bacillus subtilis 
<400> 11 

atggttttat tctttcagat catggtctgg tgcatcgtgg ccggactggg gttatacgtg 60 
tatgccacgt ggcgtttcga agcgaaggtc aaagaaaaaa tgtccgccat tcggaaaact 12 0 

tggtatttgc tgtttgttct gggcgctatg gtatactgga catatgagcc cacttcccta 180 
tttacccact gggaacggta tctcattgtc gcagtcagtt ttgctttgat tgatgctttt 240 
atcttcttaa gtgcatatgt caaaaaactg gccggcagcg agcttgaaac agacacaaga 300 
gaaattcttg aagaaaacaa cgaaatgctc cacatgtatc tcaatcggct gaaaacatac 360 
caatacctat tgaaaaacga accgatccat gtttattatg gaagtataga tgcttatgct 420 
gaaggtattg ataagctgct gaaaacctat gctgataaaa tgaacttaac ggcttctctt 480 
tgccactatt cgacacaggc tgataaagac cggttaaccg agcatatgga tgatccggca 540 
gatgtacaaa cacggctcga tcgaaaggat gtttattacg accaatacgg aaaagtggtt 600 
ctcatccctt ttaccatcga gacacagaac tatgtcatca agctgacgtc tgacagcatt 660 
gtcacggaat ttgattattt gctatttacg tcattaacga gcatatatga tttggtgctg 720 
ccaattgagg aggaaggtga agga 74 4 

<210> 12 
<211> 248 
<212> PRT 

<213> Bacillus subtilis 

<400> 12 

Met Val Leu Phe Phe Gin lie Met Val Trp Cys lie Val Ala Gly Leu 

15 10 15 

Gly Leu Tyr Val Tyr Ala Thr Trp Arg Phe Glu Ala Lys Val Lys Glu 

20 25 30 

Lys Met Ser Ala lie Arg Lys Thr Trp Tyr Leu Leu Phe Val Leu Gly 

35 40 45 

Ala Met Val Tyr Trp Thr Tyr Glu Pro Thr Ser Leu Phe Thr His Trp 

50 55 60 

Glu Arg Tyr Leu lie Val Ala Val Ser Phe Ala Leu lie Asp Ala Phe 
65 70 75 80 

lie Phe Leu Ser Ala Tyr Val Lys Lys Leu Ala Gly Ser Glu Leu Glu 

85 90 95 

Thr Asp Thr Arg Glu lie Leu Glu Glu Asn Asn Glu Met Leu His Met 

100 105 110 

Tyr Leu Asn Arg Leu Lys Thr Tyr Gin Tyr Leu Leu Lys Asn Glu Pro 

115 120 125 

lie His Val Tyr Tyr Gly Ser lie Asp Ala Tyr Ala Glu Gly lie Asp 

130 135 140 

Lys Leu Leu Lys Thr Tyr Ala Asp Lys Met Asn Leu Thr Ala Ser Leu 
145 150 155 160 



Cys His Tyr Ser Thr Gin Ala Asp Lys Asp Arg Leu Thr Glu His Met 

165 170 175 

Asp Asp Pro Ala Asp Val Gin Thr Arg Leu Asp Arg Lys Asp Val Tyr 

180 185 190 

Tyr Asp Gin Tyr Gly Lys Val Val Leu lie Pro Phe Thr lie Glu Thr 

195 200 205 

Gin Asn Tyr Val lie Lys Leu Thr Ser Asp Ser lie Val Thr Glu Phe 

210 215 220 

Asp Tyr Leu Leu Phe Thr Ser Leu Thr Ser lie Tyr Asp Leu Val Leu 
225 230 235 240 

Pro lie Glu Glu Glu Gly Glu Gly 
245 

<210> 13 
<211> 120 
<212> DNA 

<213> Bacillus subtilis 
<400> 13 

atgaaattga aatctaagtt gtttgttatt tgtttggccg cagccgcgat ttttacagcg 60 
gctggcgttt ctgctaatgc ggaagcactc gactttcatg tgacagaaag aggaatgacg 120 

<210> 14 
<211> 40 
<212> PRT 

<213> Bacillus subtilis 
<400> 14 

Met Lys Leu Lys Ser Lys Leu Phe Val lie Cys Leu Ala Ala Ala Ala 

15 10 15 

lie Phe Thr Ala Ala Gly Val Ser Ala Asn Ala Glu Ala Leu Asp Phe 

20 25 30 

His Val Thr Glu Arg Gly Met Thr 
35 40 

<210> 15 
<211> 1134 
<212> DNA 

<213> Bacillus subtilis 
<400> 15 

ttgaggatga agcagacgat tccgtcctct tatgtcgggc ttaaaattaa tgaatggtat 60 

actcatatcc ggcagttcca cgtcgctgaa gccgaacggg tcaagctcga agtagaaaga 120 

gaaattgagg atatggaaga agaccaagat ttgctgctgt attattcttt aatggagttc 18 0 

aggcaccgtg tcatgctgga ttacattaag ccttttggag aggacacgtc gcagctagag 240 

ttttcagaat tgttagaaga catcgaaggg aatcagtaca agctgacagg gcttctcgaa 300 

tattacttta atttttttcg aggaatgtat gaatttaagc agaagatgtt tgtcagtgcc 360 

atgatgtatt ataaacgggc agaaaagaat cttgccctcg tctcggatga tattgagaaa 420 

gcagagtttg cttttaaaat ggctgagatt ttttacaatt taaaacaaac ctatgtttcg 480 

atgagctacg ccgttcaggc attagaaaca taccaaatgt atgaaacgta caccgtccgc 540 

agaatccaat gtgaattcgt tattgcaggt aattatgatg atatgcagta tccagaaaga 600 

gcattgcccc acttagaact ggctttagat cttgcaaaga aagaaggcaa tccccgcctg 660 

atcagttctg ccctatataa tctcggaaac tgctatgaga aaatgggtga actgcaaaag 720 

gcagccgaat actttgggaa atctgtttct atttgcaagt cggaaaagtt cgataatctt 780 

ccgcattcta tctactcttt aacacaagtt ctgtataaac aaaaaaatga cgccgaagcg 840 

caaaaaaagt atcgtgaagg attggaaatc gcccgtcaat acagtgatga attatttgtg 900 

gagctttttc aatttttaca tgcgttatac ggaaaaaaca ttgacacaga atcagtctca 960 



cacacctttc aatttcttga agaacatatg ctgtatcctt atattgaaga gctggcgcat 1020 
gatgctgccc aattctatat agaaaacgga cagcccgaaa aagcactttc attttatgag 1080 
aaaatggtgc acgcacaaaa acaaatccag agaggagatt gtttatatga aatc 1134 

<210> 16 
<211> 378 
<212> PRT 

<213> Bacillus subtilis 
<400> 16 

Met Arg Met Lys Gin Thr lie Pro Ser Ser Tyr Val Gly Leu Lys lie 

15 10 15 

Asn Glu Trp Tyr Thr His lie Arg Gin Phe His Val Ala Glu Ala Glu 

20 25 30 

Arg Val Lys Leu Glu Val Glu Arg Glu lie Glu Asp Met Glu Glu Asp 

35 40 45 

Gin Asp Leu Leu Leu Tyr Tyr Ser Leu Met Glu Phe Arg His Arg Val 

50 55 60 

Met Leu Asp Tyr lie Lys Pro Phe Gly Glu Asp Thr Ser Gin Leu Glu 
65 70 75 80 

Phe Ser Glu Leu Leu Glu Asp lie Glu Gly Asn Gin Tyr Lys Leu Thr 

85 90 95 

Gly Leu Leu Glu Tyr Tyr Phe Asn Phe Phe Arg Gly Met Tyr Glu Phe 

100 105 110 

Lys Gin Lys Met Phe Val Ser Ala Met Met Tyr Tyr Lys Arg Ala Glu 

115 120 125 

Lys Asn Leu Ala Leu Val Ser Asp Asp lie Glu Lys Ala Glu Phe Ala 

130 135 140 

Phe Lys Met Ala Glu lie Phe Tyr Asn Leu Lys Gin Thr Tyr Val Ser 
145 150 155 160 

Met Ser Tyr Ala Val Gin Ala Leu Glu Thr Tyr Gin Met Tyr Glu Thr 

165 170 175 

Tyr Thr Val Arg Arg lie Gin Cys Glu Phe Val lie Ala Gly Asn Tyr 

180 185 190 

Asp Asp Met Gin Tyr Pro Glu Arg Ala Leu Pro His Leu Glu Leu Ala 
195 



